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Abstract 

The North Appalachian Experimental Watershed near Coshocton, OH was established in 1935 to develop, evaluate, and 
refine conservation practices that reduce runoff and erosion under the hilly, humid conditions of the northeastern United 
States. Small (0.5 to 1 ha), single-practice, gaged watersheds comprised of sandstone- and shale-derived residual soils are 
used to evaluate the interaction of management, climate, and soils. In a 28-year, nine-watershed study, 92% of the erosion 
occurred during the corn (Zea mays L.) years of a 4-year corn/wheat  (Triticum aestivum L. ) /meadow/meadow rotation. 
These watersheds were moldboard plowed prior to planting corn and cultivation was used for weed control. By tilling and 
planting on the contour and increasing fertility levels, soil loss was reduced more than 3-fold, but still averaged 4.7 Mg h a -  1 
during corn years. Thus, annual production of row crops on a sustainable basis was not without risk. A 6-year, six-watershed 
study indicated that by using reduced tillage (no-till, chisel, or paraplow) and herbicides, corn and soybean [Glycine max 
(L.) Merr.] can be grown in rotation with an average soil loss of 0.5 Mg h a -  1 y r -  1, well below the stipulated soil loss 
tolerance of 7.8 Mg ha-1 y r -  1, if a winter cover crop of rye (Secale cereale L.) followed soybean. Under these conditions, 
however, concentrations of surface-applied herbicides and nitrate in runoff frequently exceeded drinking water standards, 
particularly in the first few runoff events after application, and may be a concern. A reduced-input management practice for 
corn and soybean production with light disking and cultivation for weed control and manure and a legume (red clover, 
Trifolium pratense L.) to supply some of the nitrogen was implemented to determine if a balance between losses of soil and 
purchased chemical inputs could be obtained. In a 6-year comparison, soil losses were similar to those under conservation 
tillage, but the risk of yield loss increased due to inability to cultivate in a timely manner due to weather conditions. 
Regardless of tillage practice, infrequent, severe storms during years when row crops were grown caused most of the soil 
loss from the watersheds. Erosion prediction models must account for the contribution of such events and management 
practices must limit erosion caused by these storms if long-term sustainability is to be maintained. © 1998 Published by 
Elsevier Science B.V. 
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1. Introduct ion 

Accele ra ted  soil eros ion due to row crop produc-  

t ion is a wor ldwide  concern.  The  ef fec t iveness  o f  

var ious  managemen t  pract ices  in reducing the poten-  

tial for  soil  loss can be  h ighly  dependent  on the 
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characteristics of the climate, crops, and soils in a 
particular geographic region. Therefore, research in- 
formation specific to regional conditions is essential 
in order to develop, evaluate, and refine soil conser- 
vation practices. In the case of erosion caused by 
water, studies can be conducted in the laboratory or 
in the field using small plots with simulated or 
natural rainfall. Alternatively, natural watersheds 
(catchments) can be used to investigate management 
effects and erosion processes. 

The use of plots in soil erosion research has 
several advantages over a watershed-based approach. 
Plots uniform in size and shape can be constructed 
and treatments assigned by randomization, thereby 
permitting statistical comparisons of management 
practices. Simulated rain can be readily applied so 
that responses to a wide range of conditions can be 
measured within a short period of time. A disadvan- 
tage is that erosion processes are a function of plot 
size (Poesen et al., 1994, 1996) and, in order to use 

field-scale equipment and thereby obtain conditions 
indicative of actual production practices, the plots 
must be relatively large. The construction and main- 
tenance of plot boundaries is an additional source of 
concern (Evans, 1995). In areas particularly prone to 
erosion, such as those with dissected landscapes and 
steep slopes, it is often impossible to establish uni- 
form plots large enough to use field-scale equipment 
and production practices. Moreover, comparisons of 
field with plot data indicate that plot studies and 
models based on plot-derived data overestimate ac- 
tual erosion rates because non-representative land- 
scape segments are usually monitored and unrealistic 
simulated rainfall treatments are often imposed 
(Evans, 1993, 1995). 

At the North Appalachian Experimental Water- 
shed (NAEW) near Coshocton, OH, USA (Fig. 1) 
the effects of a variety of conservation practices on 
runoff, erosion, and water quality have been investi- 
gated for 60 years using small (0.5 to 1 ha), sloping 
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Fig. 1. Location of the North Appalachian Experimental Watershed and the seven watersheds and four rain gages used in the study. 
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(6 to 23%), natural watersheds fanned using the 
practices and machinery characteristic of  the day 
(Fig. 2). This extensive database allows us to draw 

some general conclusions regarding the effectiveness 
of  conservation tillage practices, irrespective of  dif- 
ferences in watershed characteristics and year-to-year 

i!i!  iiii ii ii!!i 

Fig. 2. Conservation tillage practices in the 1940s (i.e., tilling and planting on the contour) and in the 1980s (i.e., aerial seeding of rye into a 
standing soybean) on research watersheds at the NAEW. 
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variation in the weather. A particular watershed can 
be compared to other watersheds that responded 
similarly when subjected to the same treatment and 
to its past record of performance during a wide range 
of weather years. 

In a study begun shortly after the facility was 
established, soil loss was measured from nine water- 
sheds farmed using a 4-year c o r n / w h e a t /  
meadow/meadow rotation, in which corn was pro- 
duced using conventional tillage practices (i.e., 
moldboard plowing, disking, and cultivation for weed 
control). The records, which comprise 229 water- 
shed-years, clearly indicated that most of the erosion 
(92%) occurred during the corn years of the rotation 
(Edwards and Owens, 1991). Average soil loss dur- 
ing the corn years was 15.7 Mg ha -1 yr - t  when 
normal production practices were followed and was 
reduced more than 3-fold, to 4.7 Mg ha-i  yr-1, by 
tilling and planting on the contour and increasing 
fertility levels (Fig. 2). Nevertheless, even with these 
improved practices, soil losses during some corn 
years were well above the established tolerance of 
7.8 Mg ha -1 yr -1 for the soil types occurring on the 
watersheds (Soil Conservation Service, 1990). Under 
these conditions, annual planting of row crops repre- 
sents a considerable risk to the long-term sustalnabil- 
ity of the land of crop production. 

With the advent of herbicides, a much greater 
range of conservation measures for erosion control 
became available. Under our climatic conditions, 
no-till proved to be a very effective management 
practice when used for corn production, particularly 
with well-drained soils. In a 4-year comparison, an 

Table 1 
A 4-year comparison of the amount of runoff and erosion from a 
no-till watershed (WS 191, 9% slope) and a conventionally tilled 
watershed (WS 123, 6% slope) when used for continuous produc- 
tion of corn 

Year Rainfall Runoff (mm) Erosion (kg/ha) 
(mm) No-till Conven- No-till Conven- 

tional tional 

1979 1124 3.8 140.2 9 490 
1980 1176 4.9 316.8 17 9500 
1981 1057 0.2 142.2 1 8590 
1982 889 0 113.2 0 2765 
4-Year 4246 8.9 712.4 27 21345 
mtal 
Average 1062 2.2 178.1 7 5335 

Table 2 
A 17-year record of rainfall, runoff, and erosion from a long-term, 
continuous, no-till corn, watershed (WS 191) 

Year Rainfall (mm) Runoff Erosion 

Total > 25 mm h- 1 ( m m )  (kg/ha) 

1979 1124 208 3.8 9.5 
1980 1175 332 4.9 16.8 
1981 1057 293 0.2 0.7 
1982 889 211 0 0 
1983 1028 186 0 0 
1984 907 158 2.3 0.5 
1985 929 155 0 0 
1986 980 316 9.2 15.8 
1987 841 230 0.2 0.2 
1988 833 156 0 0 
1989 964 152 7.4 38.1 
1990 1321 266 0.3 0.6 
1991 679 155 0 0 
1992 915 203 0 0 
1993 941 157 1.0 3.0 
1994 888 182 0 0 
1995 911 180 0 0 
17-Year 16382 3540 29.3 85.2 
mtal 
Average 964 208 1.7 5.0 

average of only 2.2 mm of the average annual pre- 
cipitation of 1062 mm was lost as runoff from a 
no-till watershed, whereas 81 times more runoff 
occurred from a similar watershed that was conven- 
tionally tilled (Table 1). Consequently, there was 
essentially no erosion from the no-till watershed, 
while an average of 5.3 Mg ha-  1 yr-  ~ was lost from 
the tilled watershed (Table 1). 

Moldboard plowing of the conventionally tilled 
watershed was discontinued after 4 years to preserve 
its usefulness for future studies while the treatment 
of the no-till watershed has remained unchanged. 
The 17-year record for this watershed upholds the 
pattern observed from 1979 to 1982. Annual rainfall 
during this period ranged from 679 to 1321 mm with 
an average of 22% falling at intensities > 25 mm 
h -1, but runoff was always < 1% of annual rainfall 
and soil loss for the entire period was only 85 kg 
ha-1 (Table 2). While the annual reduction in runoff 
due to no-tillage was not as dramatic on watersheds 
with soils with impeded drainage, runoff from high- 
intensity, short-duration, localized, convective rain- 
storms that occur primarily during the growing sea- 
son was nearly eliminated (Edwards and Amerman, 
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1984). This type of storm causes more than 80% of 
the average annual soil loss from our small water- 
sheds (Kelley et al., 1975). 

There are problems, however, with the long-term 
use of no-till and other conservation tillage practices 
for row crop production. A number of crops, includ- 
ing soybean, do not produce enough residue to be 
effective for erosion control (Moldenhauer et al., 
1983; Bellinder and Gaffney, 1995). On the highly 
erodible farmlands of our region, this has favored the 
production of corn in monoculture. Yet, yields of 
both corn and soybean can be higher when grown in 
rotation (Crookston and Kurle, 1989) and a 
corn/soybean rotation can reduce losses of NO3-N 
to groundwater (Owens et al., 1995). Additionally, 
when corn is grown continuously in monoculture, 
weed, disease, and pest problems can develop that 
would otherwise not occur under rotation. 

Fortunately, the results of a 6-year, six-watershed 
study at the NAEW indicated that reduced tillage 
(no-till, chisel, or paraplow) can successfully be used 
to grow soybean in rotation with corn if a cereal rye 
cover crop was used to provide additional erosion 
control following soybean harvest (Fig. 2). Under 
these conditions, average annual soil loss was only 
0.5 Mg ha -1 yr -1 with no obvious differences 
among the three conservation practices (Edwards et 
al., 1993). There are, however, concerns over chemi- 
cal losses in runoff. Although average NO3-N losses 
for each of the tillage systems were < 5% of the 
amount applied as fertilizer, flow-weighted annual 
concentrations of NO3-N in the runoff frequently 
exceeded the regulatory maximum of 10 mg 1-1 for 
drinking water during the com years and concentra- 
tions were particularly high in the first few storms 
following fertilization (Owens and Edwards, 1993). 
Likewise, herbicide losses in runoff were small as a 
percentage of applied chemical, but flow-weighted 
annual concentrations of some materials exceeded 
the stipulated tolerances for drinking water and con- 
centrations were frequently excessive in the first few 
events following application (Shipitalo et al., 1997). 

Because of concem over chemical losses in runoff 
and the perception that conservation tillage relies 
more heavily on pesticides to control weeds, insects, 
and diseases than does conventional tillage, a posi- 
tion that conservation tillage be used only on the 
most erodible lands has been advocated (Hinkle, 

1983). Recently, however, Bull et al. (1993) docu- 
mented few consistent differences in pesticide usage 
among conventional and conservation tillage systems 
in a multi-year survey that covered 80% of the land 
resource used for corn and soybean production in the 
United States. Nevertheless, modifications to current 
conservation tillage practices that might reduce the 
potential for chemical losses in runoff should be 
considered (Baker et al., 1987; Fawcett et al., 1994). 

Our objective was to determine if a balance be- 
tween losses of soil and purchased chemical inputs 
could be obtained by using a reduced-input manage- 
ment practice for the production of row crops. Under 
the reduced-input practice, cultivation substituted for 
some of the herbicide input and manure and a legume 
were used to supply most of the nitrogen require- 
ment for the crops. We compared runoff, erosion, 
and crop yields of watersheds farmed with reduced- 
input practices to the response of watersheds farmed 
using conservation tillage (chisel or no-till) and com- 
pared all practices with the past record of perfor- 
mance of these watersheds. Profitability of the two 
systems, although important to long-term economic 
sustainability, was not investigated in this study. 

2. Materials and methods 

2.1. Watershed characterist ics 

Runoff and sediment losses from seven water- 
sheds at the NAEW (two chisel-plowed, two no-till, 
and three reduced-input) were monitored for 6 years 
beginning with planting in spring 1990 and ending 1 
June 1996. General characteristics and tillage treat- 
ments of the watersheds are outlined in Table 3. 
Tillage treatments were assigned to the watersheds 
based on long-term records of hydrologic perfor- 
mance with one watershed in each treatment having 
a history of less than average runoff production. 
Consequently, tillage treatments were not random- 
ized and statistical comparisons among treatments 
were not performed. All seven watersheds were 
within 1 km of each other and there was a standard 
recording rain gage near each watershed (Fig. 1). 
The soils formed in residuum and colluvium derived 
from the underlying sandstone and shale bedrock and 
have an admixture of loess in surficial horizons. The 
B horizon of the Rayne series contains less clay than 
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Table 3 
Tillage treatments and selected landscape and soil characteristics of the seven watersheds 

Watershed no. Tillage Area Average Maximum Shape Dominant soil a 
(ha) slope (%) length (m) 

WS 109 b Chisel 0.68 13 110 Pentagonal Rayne sil 
WS 123 Chisel 0.55 7 107 Fan Keene sil 
WS 113 b No-till 0.59 11 118 Triangular Coshocton sil 
WS 118 No-till 0.79 10 132 Triangular Coshocton sil 
WS 111 Reduced-input 0.45 6 143 Pentagonal Keene sil 
WS 115 b Reduced-input 0.65 7 119 Triangular Coshocton sil 
WS 127 Reduced-input 0.68 9 104 Fan Coshocton sil 

aRayne = fine-loamy, mixed, mesic Typic Hapludult; Keene = fine-silty, mixed, mesic Aquic Hapludalf; Coshocton = fine-loamy, mixed, 
mesic Aquultic Hapludalf. 
bLow-runoff-producing watershed based on historical records. 

B horizons of  the Coshocton or Keene series, hence, 
the Rayne has better internal drainage. Detai led in- 
formation on soil properties and soil distribution in 
the watersheds is presented elsewhere (Edwards et 
al., 1993; Kelley et al., 1975). 

2.2. Cropping sequence 

Prior to the study, all of  the watersheds, except 
WS 111, were in a co rn / soybean  rotation for 6 years 
starting in spring 1984 with all watersheds in corn. 
Rye was aerially seeded into the soybean prior to 
leaf drop and killed with herbicide prior to sowing 
corn in the spring. Watersheds 109 and 123 were 
chiselled each spring, WS 113 and WS 118 were 
no-till, and WS 115 and WS 127 were paraplowed 
each fall. At  the beginning of  the current study in 
1990, the cropping sequence was altered so that one 
watershed in each tillage treatment was planted to 
each crop each year. Additionally,  the paraplow 
treatment was eliminated in favor of  a 3-year, re- 
duced-input rotation. In this rotation, winter wheat 
was dril led into soybean residue each fall after har- 
vest and red clover was seeded into the standing 
wheat the following spring. After wheat harvest in 
the summer, the clover was allowed to grow until the 
next spring when it was disked in along with manure 
to provide most of  the nitrogen requirement for the 
corn. In order to have a watershed in each stage of  
the rotation each year, WS 111 was added to the 
study. Previously, this watershed had been used for 
hay production. 

The timing of  planting, tillage, and harvest opera- 
tions varied from year-to-year  as dictated by weather 
conditions. In general, the watersheds were planted 

to corn or soybean in late Apri l  or early May. 
Soybean was planted at an 18-cm row spacing in the 
chisel and no-till watersheds and a 76-cm spacing in 
the reduced-input watersheds. Corn was planted at a 
76-cm spacing in all watersheds. The reduced-input 
watersheds were disked three to four times prior to 
planting and during the corn years 4 to 9 Mg h a -  1 of  
strawy cattle manure was incorporated along with 
the red clover. To reduce the adverse consequences 
noted with moldboard plowing, only light, shallow 
disking was performed in order to leave some of  the 
residue cover intact and to confine and concentrate 
the buried residue near the soil surface. Tillage and 
planting operations on all watersheds were per- 
formed parallel to the contour. 

Pre-emergence herbicides were applied at recom- 
mended rates to control weeds on the chisel and 
no-till watersheds. A half rate of  herbicide was used 
on the reduced-input watersheds when sown with 
corn and herbicide was applied only to a band over 
the row when soybean was planted. The corn and 
soybean crops in the reduced-input watersheds were 
cultivated for additional weed control twice during 
the growing season, usually once in June and once in 
July. The reduced-input corn crop was side-dressed 
with nitrogen fertilizer at cultivation i f  necessary. 
Wheat  was drilled into the reduced-input watersheds 
following soybean harvest in October and rye was 
either dril led or broadcast seeded into the chisel and 
no-till watersheds in September or October. Red 
clover was broadcast seeded into the standing wheat 
in the reduced-input watersheds in March or April.  
Soil fertility and pH in all watersheds was monitored 
with soil tests and the levels were adjusted as recom- 
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mended to achieve moderate yield goals (Ohio State 
University Cooperative Extension Service, 1990). 
Corn yields were measured by hand harvesting 10 
random plots in each watershed. Soybean and wheat 
yields were determined by weighing the entire har- 
vest from each watershed. 

2.3. Sampling and analytical procedures 

Runoff volumes were measured using H flumes 
and water stage recorders housed within enclosures 
that permitted year-round operation of each water- 
shed. Flow-proportional, composite, runoff samples 
were obtained automatically using Coshocton wheel 
samplers (Brakensiek et al., 1979). Usually, separate 
samples were obtained for each runoff event unless 
storms occurred less than a few hours apart. Soil 
losses were determined by filtering the runoff sam- 
pies to ascertain sediment concentrations and multi- 
plying by runoff volumes calculated from the hydro- 
graphs. Infrequently, sediment was deposited in the 
flume and flume approach. In these instances, the 
sediment was collected and weighed with the amount 
added to the total for that particular event. 

In order to assess the effect of the cropping and 
tillage practices on runoff and sediment transport, 
yearly losses were calculated from planting date to 
planting date for the chisel and no-till watersheds. 
With the reduced-input watersheds, these parameters 
were calculated from first disking in the spring to the 
first disking the following spring. In crop years when 
the watersheds were not disked because wheat and 
red clover had been planted, the end o f  the 
soybean/wheat year and the beginning of the red 

clover year was set as 1 May. Prior to 1 May we 
assumed that runoff and erosion were influenced 
more by the soybean residue and the standing wheat 
than by the red clover that had been planted in 
March or April. Consequently, variation in precipita- 
tion totals among watersheds within crop years was 
attributable to small variations in crop year length in 
addition to slight differences in actual precipitation 
at each site. The end of the last crop year for all 
watersheds was 1 June 1996. 

3. Results and discussion 

3.1. Historical performance 

The seven watersheds selected for this study were 
in a 4-year, co rn /whea t /meadow/meadow rotation 
for either seven cycles (28 years) or six cycles (24 
years) beginning in 1945 or 1947. During this pe- 
riod, conventional tillage (i.e., moldboard plowing, 
disking, and cultivation) was used for corn produc- 
tion and the watersheds were disked after corn har- 
vest in the fall prior to planting wheat. No other 
tillage operations were performed during the rotation 
and almost all of the soil loss occurred during the 
corn years. Soil losses for the corn years of this 
rotation are presented in Table 4 and, for all water- 
sheds and years, averaged 4.2 Mg ha-1 yr-~. More 
important to note, however, was the extreme vari- 
ability among years. With the same tillage practice 
on the same watershed, but different weather years, 
soil loss varied from nil to well above the soil loss 

Table 4 
Annual soil loss from the seven watersheds during the corn years of a 4-year, corn/wheat /meadow/meadow rotation 

Year WS 109 WS 115 WS 123 WS 127 Year WS 111 WS 113 WS 118 
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

1945 747 866 63 nd a 1947 152 908 3074 
1949 3046 3099 562 2652 1951 12 2092 1848 
1953 0 3504 1 12 1955 0 0 16 
1957 7768 15 968 15649 5140 1959 2 10 1396 
1961 772 828 0 0 1963 17 579 2915 
1965 145 0 0 0 1967 2 2175 1552 
1969 11 409 74 168 10040 17591 
Average 3412 14062 3759 4233 31 961 1800 
Top five storms b 74% 85% 80% 81% 94% 54% 57% 

aNot determined. 
bSoil loss resulting from the five largest erosion events on each watershed as a percentage of total soil loss during the time period. 
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tolerance of 7.8 Mg ha -1 yr -1. This observation 
reinforces the dependence of field erosion research 
on the weather and the need to collect many years of 
data before judging the adequacy of a management 
practice. This data also provides a benchmark on 
which to gage the effectiveness of the tillage prac- 
tices investigated as part of the current study. 

Also presented in Table 4 is the percentage of the 
total soil loss in the corn years attributable to the five 
storms that caused the most erosion in either 28 or 
24 years. With an average of approximately 150 
storms per year (4200 in 28 years) the five most 
severe storms caused half or more of the total soil 
loss. If the erosion from just these five storms could 
have been eliminated, the average soil losses from all 
the watersheds would have been well within the 
acceptable range. Similarly, Burwell and Kramer 
(1983) noted that 60% of the total soil loss from 
conventionally tilled corn plots occurred during 2 
years of a 24-year study, highlighting the need for 
long-term experiments. Our data further emphasize 
the point that not only is erosion dominated by the 
weather year, but that a few, infrequent, severe 
storms cause most of the soil loss. Other researchers 
have reported similar findings (Evans, 1995; Poesen 

et al., 1996). Consequently, management practices 
must be able to protect the soil from erosion caused 
by severe storms in order to maintain long-term 
sustainability. 

3.2. Conservation tillage vs. reduced-input, crop 
yields 

Yields for corn and soybean for each watershed 
and crop year are presented in Table 5. Yields of 
winter wheat from the reduced-input watersheds 
ranged from 1.9 to 2.6 Mg ha-1 (data not shown). 
The data suggested that there were strong differences 
in yields among watersheds within tillage treatments, 
particularly with corn. The yearly average yields for 
all watersheds combined indicated, however, that the 
variability in yield among watersheds was similar in 
magnitude to the variability among years. This sug- 
gested that the apparent differences among water- 
sheds was probably largely due to differences in the 
weather during the growing season. 

No obvious differences in yield among the three 
tillage systems were apparent based on the 6-year, 
treatment averages (Table 5). It is interesting to note, 
however, that highest yields for corn (WS 115, 1992) 

T a b l e  5 

C o m p a r i s o n  o f  c rop  y i e lds  by  y e a r  and  t i l l age  t r e a t m e n t  for  the seven  w a t e r s h e d s  

C r o p  y e a r  C h i s e l  ( M g / h a )  No- t i l l  ( M g / h a )  R e d u c e d - i n p u t  ( M g / h a )  A v e r a g e  ( M g / h a )  

W S  109 W S  123 W S  113 W S  118 W S  111 W S  115 W S  127 

Corn 
1 9 9 0  9.5 - 9 .8  - 6 .7  - - 8 .7  

1991 - 5 .4  - 6 .0  - - 6 .5  6 . 0  

1 9 9 2  10.7  - 11.1 - - 11.8  - 11.2  

1993  - 4 .6  - 6 .9  4 . 6  - - 5 .4  

1 9 9 4  11.2  - 11 .0  - - - 11.6  11.3  

1995  - 9 .3  - 10.8  - 10.7  - 10.3  

A v e r a g e  10.5 6 .4  10 .6  7 .9  5 .7  11.3 9.1 8.8 

8.5 9.3 8 .7  

Soybean 
1 9 9 0  - 2 .3  - 1.6 - 1.7 - 1.9 

1991 1.3 - 0 .8  - 0 .8  - - 1.0 

1992  - 1.8 - 1.7 - - los t  a 1.2 

1993  1.7 - 1.3 - - 1.4 - 1.5 

1 9 9 4  - 2 .6  - 2 .3  3 .4  - - 2 .8  

1995  2 .7  - 2 .5  - - - 2 .6  2 .6  

A v e r a g e  1.9 2 .2  1.5 1.9 2.1 1.6 1.3 1.8 

2 .1  1 .7  1 .7  

a D u e  to w e a t h e r  cond i t i ons  the c rop  c o u l d  not  be  c u l t i v a t e d  and  the soybean  and  w e e d s  w e r e  cut ,  ba l ed ,  and  r e m o v e d  f r o m  the  w a t e r s h e d .  
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and soybean (WS 111, 1994) as well as the lowest 
yields for corn (WS 111, 1993) and soybean (WS 
127, 1992) occurred on the reduced-input water- 
sheds. Thus, although the yields for the reduced-in- 
put treatment were comparable to the chisel and 
no-till treatments, the variability in yield was greater. 
A contributing factor to this variability was the loss 
of the soybean crop on WS 127 in 1992. In July 
1992, rainfall totalled 260 mm and measurable rain- 
fall was recorded 20 out of 31 days. Under these 
conditions, it was impossible to perform the second 
cultivation for weed control. Weeds out competed 
the soybean and the entire crop was cut, baled, and 
removed from the watershed so that the winter wheat 
crop could be successfully established in the fall. 
Although the reduced-input watershed planted to com 
(WS 115) was also too wet in July to receive the 
second cultivation, the half rate of herbicide used on 
this watershed and a quicker closure of the canopy 
compared to soybean permitted the crop to outgrow 
the weed pressure. The abundance of soil moisture 
probably contributes to the fact that the highest corn 
yield recorded during the study was obtained from 
this watershed. Since herbicides were used exclu- 
sively to control weeds in the chisel and no-till 
watersheds, risk of yield lost due to inability to 
cultivate was not a factor. 

3.3. Conservation tillage vs. reduced-input, runoff  
and erosion 

The 6-year comparison included two extreme 
weather years. Calendar year 1990, with 1338 mm of 
precipitation, was the wettest and 1991, with only 
665 mm of precipitation, was the driest in the 60-year 
record of the NAEW. Precipitation during the other 
years more closely approximated the long-term aver- 
age of 950 mm yr -1. Not surprisingly, more runoff 
occurred from all watersheds during the 1990 crop 
year than any other crop year (Table 6). Likewise, 
less runoff occurred during the 1991 crop year than 
any of the other 5 years of the study. 

The differences in average runoff from the three 
tillage treatments were less than the differences in 
the yearly average runoff indicating that, in this 
instance, yearly variation in precipitation had a much 
greater effect on runoff than did the management 
practices (Table 6). Without exception, the water- 

shed in each treatment identified a priori as low- 
runoff-producing yielded less runoff each crop year 
than the other watersheds assigned the same tillage 
treatment. This reflects the unique soil and topo- 
graphic characteristics of the watersheds that have a 
large influence on runoff production. Hence, even 
though the average runoff from the reduced-input 
watersheds was slightly greater than the chisel or 
no-till watersheds, the differences were not substan- 
tial enough to warrant a conclusion that the reduced- 
input practice contributed to an increase in runoff. In 
fact, runoff from the reduced-input watersheds when 
they were in the red clover year of the 3-year 
rotation and neither tilled nor cultivated was 36% of 
the total (Table 6). Had the surface conditions of the 
reduced-input practice during the corn and soybean 
years contributed to a marked decrease in infiltration 
then runoff during these years should have exceeded 
two-thirds of the total. 

Soil losses from the watersheds reflected the vari- 
ation in weather years. The wettest crop year (i.e., 
1990) that produced the most runoff on all water- 
sheds resulted in the greatest soil loss of the 6-year 
study on four of the seven watersheds (Table 7). 
Average soil loss during this crop year was more 
than three times greater than the average loss during 
the next highest crop year, 1995. Under these unusu- 
ally wet conditions, erosion from only two of the 
watersheds (WS 109, chisel and WS 115, reduced- 
input) exceeded the soil loss tolerance. At no other 
time during the study did the yearly soil losses 
approach the tolerance level. Moreover, averaged for 
the 6-year study, soil losses from each watershed and 
each of the three tillage treatments were well below 
the tolerance level and the average losses measured 
during the years of conventional tillage (Table 4). 
These observations suggested that each of the man- 
agement practices should maintain long-term sustain- 
ability for crop production. 

Noteworthy, however, is that the 6-year average 
soil loss from the no-till watersheds was about half 
the average losses from the chisel and reduced-input 
watersheds that involved some tillage each spring 
prior to the planting of corn or soybean (Table 7). 
Additionally, as opposed to the other two tillage 
treatments, soil losses from the no-till watersheds 
never exceeded the tolerance level any crop year, 
even though WS 118 (no-till) was the second largest 
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Table 6 
Range of recorded precipitation at the seven watersheds and equivalent depth of runoff by crop year and tillage treatment 

Crop average Rainfall Chisel (mm) No-till (mm) Reduced-input (mm) 
year (mm) 

WS 109 a WS 123 WS 113 a WS 118 WS 111 WS 115 a WS 127 

Average 
runoff (mm) 

1990 (1305-1363) 86 cn b 274 sy 156 cn 295 sy 298 cn 185 sy 307 cl 229 
1991 (609-686) < 1 sy 9 cn 3 sy 19 cn 16 sy 6 cl 15 cn 10 
1992 (966-1025) < 1 cn 58 sy 22 cn 88 sy 88 cl 3 cn 134 sy 56 
1993 (906-1025) 7 sy 107 cn 106 sy 152 cn 172 cn 100 sy 215 cl 123 
1994 (803-1003) < 1 cn 40 sy 34 cn 48 sy 55 sy 18 cl 69 cn 38 
1995 (941-1180) 12 sy 185 cn 60 sy 169 cn 122 cl 69 sy 215 sy 119 
Average 18 112 64 129 125 64 159 96 

65 96 116 

aLow-runoff-producing watershed based on historical records. 
bCrop years designated as follows: cn = corn, sy = soybean/rye (conservation watersheds) or soybean/wheat (reduced-input watersheds), 
cl = red clover. 

p r o d u c e r  o f  r u n o f f  du r ing  the  6 years  (Tab les  6 and  

7). G i v e n  the  des ign  o f  the  expe r imen t ,  it is no t  

poss ib le  to d e t e r m i n e  w h e t h e r  there  was  a s tat is t ical  

d i f f e rence  in  soil  losses  a m o n g  t i l lage t rea tments .  

Never the les s ,  t hese  f ind ings  sugges t ed  that  the  sur- 

face cond i t ions  u n d e r  no- t i l l  we re  be t t e r  su i ted  to 

p r e v e n t i n g  soil  loss  du r ing  years  in  w h i c h  r ow  crops  

were  p r o d u c e d  t han  the  o the r  two  t i l lage t r ea tments .  

Soil  loss  f r o m  the  r e d u c e d - i n p u t  wa te r sheds  dur-  

ing the  r ed  c lover  c rop  year,  w h e n  no  t i l lage was  

pe r fo rmed ,  a c c o u n t e d  for  on ly  4 %  of  the  to ta l  soi l  

loss (Tab le  7)  e v e n  t h o u g h  36% of  the  total  r u n o f f  

occu r r ed  du r ing  these  years  (Tab le  6). Th i s  is s t rong 

e v i d e n c e  tha t  the  t i l lage opera t ions  neces sa ry  for  row 

crop  p r o d u c t i o n  wi th  this  m a n a g e m e n t  prac t ice  re-  

su i ted  in surface  cond i t ions  tha t  e n h a n c e d  soil  loss. 

T h e  ave rage  soil  loss f r o m  the  r e d u c e d - i n p u t  water -  

sheds  b a s e d  on ly  on  those  years  in  w h i c h  row crops  

were  p r o d u c e d  was  1476 kg  h a  -1 yr  -1 ,  h ighes t  of  

the  three  pract ices .  E v e n  so, the  ave rage  soil  loss 

was  we l l  b e l o w  the  to l e rance  level  and  on ly  s l ight ly  

g rea te r  t han  the  losses  f r o m  the  ch i se l  t i l lage,  sug- 

ges t ing  tha t  the  r e d u c e d - i n p u t  p rac t i ce  was  a su i tab le  

a l t e rna t ive  to the  two  c o n s e r v a t i v e  t i l lage prac t ices  in  

t e rms  o f  soil  loss.  

The  to ta l  n u m b e r  o f  r u n o f f  even t s  r eco rded  for  

e ach  w a t e r s h e d  and  the  con t r i bu t i on  o f  the  f ive 

la rges t  e ros ion  even ts  to total  e ros ion  and  r u n o f f  are 

r epor t ed  in T a b l e  8. T h e s e  even t s  a c c o u n t e d  for  on ly  

1 to 5 %  of  the  total  n u m b e r  o f  r u n o f f  even t s  f r o m  

any  s ingle  w a t e r s h e d  yet  resu l ted  in an  ave rage  o f  

55% of  the  soil  loss,  bu t  on ly  17% of  the  total  

Table 7 
Soil loss from the seven watersheds by crop year and tillage treatment 

Crop year Chisel (kg/ha) No-till (kg/ha) Reduced-input (kg/ha) Average 

WS 109 a WS 123 WS 113 a WS 118 WS 111 WS 115 a WS 127 (kg/ha) 

1990 11 822 cnb 1213 sy 766 cn 1893 sy 1184 cn 7764sy 353 cl 3571 
1991 0 sy 33 cn 12 sy 226 cn 161 sy 7 cl 82 cn 74 
1992 2 cn 218 sy 22 cn 1483 sy 32 cl 3 cn 724 sy 355 
1993 40sy 380 cn 272 sy 825 cn 1428 cn 707 sy 194 cl 549 
1994 3 cn 85 sy 90 cn 217 sy 367 sy 2 cl 56 cn 117 
1995 77 sy 1565 cn 719 sy 396 cn 95 cl 283 cn 4949 sy 1155 
Average 1991 582 314 840 545 1461 1059 970 

1287 577 1022 

aLow-runoff-producing watershed based on historical records. 
bCrop years designated as follows: cn = corn, sy = soybean/rye (conservation watersheds) or soybean/wheat (reduced-input watersheds), 
cl = red clover. 
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Table 8 
Contribution of the five largest erosion events for each watershed 
to total runoff and total soil loss from the seven watersheds 

Total Total Total Five largest 
events runoff erosion erosion events 
(# )  (mm) (kg/ha)  (% of total) 

Sediment Runoff 

Ch~el 
WS 109 101 105 11944 68 39 
WS 123 118 673 3494 69 18 

No-till 
WS 113 231 381 1881 50 15 
WS 118 421 771 5040 29 10 

Reduced-input 
WS 111 152 751 3267 60 15 
WS 115 161 381 8766 62 12 
WS 127 361 955 6356 48 9 
Average 221 574 5821 55 17 

runoff. Thus, as noted during the years when these 
watersheds were in conventional tillage (Table 4) a 
few, infrequent, storms contributed most of the soil 
loss even with conservation practices in place. Of the 
35 events, 29 occurred in the months of April through 
July when high intensity, short-duration, localized, 
convective rainstorms are most common (Kelley et 
al., 1975). The proximity of the major storms to 
tillage operations performed during this time of the 
year can have a major effect on long-term, measured, 
soil losses. The greater period of vulnerability to soil 
erosion inherent with the reduced-input management 
system suggests that there is an increased risk of soil 
loss associated with this practice compared to con- 
servation practices that leave the soil surface better 
protected against erosion. 
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that produce insufficient residue to control erosion. 
Under some circumstances, however, agricultural 
chemicals necessary to implement conservation 
tillage practices can be lost in runoff and contribute 
to the degradation of surface water supplies. 

A reduced-input practice that substitutes tillage, a 
legume, and manure for some of the purchased 
chemical inputs used with conservation tillage was 
investigated for its potential to maintain soil losses 
within acceptable levels. Six-year average soil losses 
from watersheds fanned using reduced-input prac- 
tices were similar to those from watersheds farmed 
with conservation tillage practices of chisel or no-till 
and averaged < 15% of the soil loss tolerance. The 
risk of soil loss during the spring when severe storms 
occur most frequently, however, was greater for the 
reduced-input practice than for the conservation 
tillage practices. In the long-term, most soil loss is 
due to these infrequent events, with much more 
numerous low-intensity storms having little potential 
to erode soil. Models of soil erosion must take into 
account the contribution of severe storms to ade- 
quately predict erosion potential. 

Although yields of corn and soybean from the 
reduced-input watersheds were similar to those ob- 
tained with either chisel or no-till watersheds, there 
was greater variability in yield partially attributable 
to the inability to perform timely cultivations due to 
weather conditions. Additionally, row crops were 
produced every year with the conservation tillage 
practices, but only two out of 3 years with the 
reduced-input practice. Thus, a reduction in yield 
potential occurs concurrent with a slightly increased 
risk of soil loss when reduced-input management 
practices that substitute tillage and cultivation for 
herbicides are used. 

4. Summary 

Row crop production with conventional tillage 
practices under the soil and climatic conditions char- 
acteristic of the North Appalachian region of the 
USA, and similar areas throughout the world, is 
limited by a high potential for excessive soil loss. 
Conservation tillage practices are an alternative that 
can greatly reduce the probability of excessive soil 
loss if cover crops are used to augment row crops 

References 

Baker, J.L., Logan, T.J., Davidson, J.M., Overcash, M., 1987. 
Summary and conclusions. In: Logan, T.J., Davidson, J.M., 
Baker, J.L., Overcash, M.R. (Eds.), Effects of Conservation 
Tillage on Groundwater Quality. Lewis Publishers, Chelsea, 
MI, pp. 277-281. 

Bellinder, R.R., Gaffney, F.B., 1995. Erosion control in crops that 
produce sparse residue. In: Blevins, R.L., Moldenhauer, W.C. 
(Eds.), Crop Residue Management to Reduce Erosion and 
Improve Soil Quality: Appalachia and Northeast. USDA-ARS, 
Conservation Research Report Number 41, pp. 68-79. 



12 M.J. Shipitalo, W.M. Edwards~Soil & Tillage Research 46 (1998) 1-12 

Brakensiek, D.L., Osbom, H.B, Rawls, W.J., coordinators, 1979. 
Field manual for research in agricultural hydrology. US De- 
partment of Agriculture, Agriculture Handbook 224, 550 pp. 

Bull, L., Delvo, H., Sandretto, C., Lindamood, B., 1993. Analysis 
of pesticide use by tillage system in 1990, 1991, and 1992 
corn and soybeans. In: Agricultural Resources: Inputs Situa- 
tion and Outlook Report. USDA Econ. Res. Ser. Report 
AR-32, pp. 41-54. 

Burwell, R.E., Kramer, L.A., 1983. Long-term annual runoff and 
soil loss from conventional and conservation tillage of corn. J. 
Soil Water Conserv. 38, 315-319. 

Crookston, R.K., Kurle, J.E., 1989. Corn residue effect on the 
yield of corn and soybean grown in rotation. Agron. J. 82, 
229-232. 

Edwards, W.M., Amerman, C.R., 1984. Subsoil characteristics 
influence hydrologic response to no-tillage. Trans. ASAE 27, 
1055-1058. 

Edwards, W.M., Owens, L.B., 1991. Large storm effects on total 
soil erosion. J. Soil Water Conserv. 46, 75-78. 

Edwards, W.M., Triplett, G.B., Van Doren, D.M., Owens, L.B., 
Redmond, C.E., Dick, W.A., 1993. Tillage studies with a 
corn-soybean rotation: hydrology and sediment loss. Soil Sci. 
Soc. Am. J. 57, 1051-1055. 

Evans, R., 1993. On assessing accelerated erosion of arable land 
by water. Soils Fertilizers 56, 1285-1293. 

Evans, R., 1995. Some methods of directly assessing water ero- 
sion of cultivated land--a  comparison of measurements made 
on plots and in fields. Prog. Phys. Geography 19, 115-129. 

Fawcett, R.S., Christensen, B.R., Tieruey, D.P., 1994. The impact 
of conservation tillage on pesticide runoff into surface water: a 
review and analysis. J. Soil Water Conserv. 49, 126-135. 

Hinkle, M.K., 1983. Problems with conservation tillage. J. Soil 
Water Conserv. 38, 201-206. 

Kelley, G.E., Edwards, W.M., Harrold, L.L., McGuinness, J.L., 
1975. Soils of the North Appalachian Experimental Water- 
shed. USDA Misc. Publ. no. 1296. US Gov. Print. Office, 
Washington, DC, 145 pp. 

Moldenhauer, W.C., Langdale, G.W., Frye, W., McCool, D.K., 
Papendick, R.I., Smika, D.E., Fryrear, D.W., 1983. Conserva- 
tion tillage for erosion control. J. Soil Water Conserv. 38, 
144-151. 

Ohio State University Cooperative Extension Service, 1990. 
Agronomy guide. Bull. 472. 

Owens, L.B., Edwards, W.M., 1993. Tillage studies with a corn- 
soybean rotation: surface runoff chemistry. Soil Sci. Soc. Am. 
J. 57, 1055-1060. 

Owens, L.B., Edwards, W.M., Shipitalo, M.J., 1995. Nitrate 
leaching through lysimeters in a corn-soybean rotation. Soil 
Sci. Soc. Am. J. 59, 902-907. 

Poesen, J.W., Boardman, J., Wilcox, B., Valentin, C., 1996. 
Water erosion monitoring and experimentation for global 
change studies. J. Soil Water Conserv. 51,386-390. 

Poesen, J.W., Torri, D., Bunte, K., 1994. Effects of rock frag- 
ments on soil erosion by water at different spatial scales: a 
review. Catena 23, 141-166. 

Shipitalo, M.J., Edwards, W.M., Owens, L.B., 1997. Herbicide 
losses in runoff from conservation-tilled watersheds in a corn- 
soybean rotation. Soil Sci. Soc. Am. J. 61,267-272. 

Soil Conservation Service, 1990. Erosion prediction. Ohio techni- 
cal guide. Revised edn. USDA-SCS, Columbus, OH, pp. 
3.1-3.27. 


